12
Trenching is a work intensive, time consuming process and destructive to the 
18
other Geophysical techniques used to scan embankments. Hadley (1983) used They found that ERT was a good non-destructive technique, which gave the 1 possibility of detecting internal erosion processes and anomalous seepage at an 2 early stage before the stability of the dam was compromised. 
4
It is more and more frequent to see in the literature reviews and evaluations of 
9
Although the four techniques used in this study have been used previously and are 10 described in the literature, it is unusual for more than two techniques to be combined 11 therefore this is the first study that brings together these four techniques for a 12 comprehensive non-invasive post flood damage assessment of historical
13
embankments. An examination of the literature discussing Geophysical techniques 14 applied to surveying flood embankments have shown the use of ERT to be common,
15
due in part to the suitability of the construction materials (normally compacted, fine 16 grained soils) and its sensitivity to changes in moisture as well as its ability to detect 17 discontinuities in the material.
18
The potential of two conventional Electrical and Electromagnetic methods with The embankments surveyed were located in South Bohemia, Czech Republic. These 2 dams are historical and were built during the second half of the 16th century. 
4
The resistivity arrays technique is routinely used to map ground water and 5 contaminated flows, it is also regularly used to located buried artefacts or structures.
6
ERT performs particularly well in soils media consisting of clay or silty soils due to the 
2
All the gravimetric data were corrected. They were processed to the values of relative
3
Bouguer anomaly without topographic correction. Therefore, the dam and the profile 4 position were symmetrical, there were no hills and we were only interested in shallow 5 local anomalies.
6
A 2,5D density modelling software called MAG with Talwani formula was used. The 
10
The regional trend of Bouguer anomaly, which corresponds to deeper geological The most concerning anomaly was detected by microgravimetry above the outlet 5 wood pipe (see Figure 4) . The local minimum of residual Bouguer anomaly was 6 interpreted like a disturbed zone characterised by the washing effect of the water and 7 the assessment of cavities near the outlet pipe due to piping process.
Surveys Results

9
The embankment section was therefore categorized with a high risk of breach. This 
17
It was assumed that during late spring and early autumn the weather condition was 
10
The Schlumberger array configuration was chosen for the ERT survey as it is the 11 more adequate for the study of geological conditions with mostly horizontal layers.
12
Earth embankments are generally constructed by horizontal layers and the boundary 13 of the dam body with bedrock is mostly horizontal too. 
3
The 3rd iteration used for the inversion offered the best description of normal and 4 smooth geological conditions based also on the development of the RMS Error.
5
Usually 5 iterations were carried out. If the difference of RMS Error between 3 and 4 6 iteration w similar and the value of RMS Error for 3rd iteration is less than 8%, it is 7 assumed that the model for the 3rd iteration is the closest to real conditions. Using 8 higher iterations with higher resistivity contrast and shifting the resistivity boundaries 9 near surface can reduce RMS error but it very often a mathematic effect only. 
5 6
The seepage detection was checked with SP measurements too. 
12
The anomaly in the bedrock near the outlet (Figure 14b ) is distinctively larger than 
Conclusion 7
By using all four techniques much more information is gathered than by individual 8 techniques. The fact that these tests are all non-invasive means that the integrity of 9 the embankment has not been breached. Furthermore these tests are far more 10 economical than traditional trenching or borehole investigations and also the whole 11 embankment is assessed and no hot spots are missed, which could have 12 catastrophic results in both social and economic terms.
13
The value of using these combined techniques cannot be underestimated for both 
